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In this article we report on the liquid chromatography tandem mass spectrometry (LC-MS)
investigation of plankton samples collected in the summer of 2006 along the Ligurian coasts,
coinciding with a massive bloom of the tropical microalga Ostreopsis ovata. LC-MS analyses
indicated the occurrence of putative palytoxin along with a much more abundant palytoxin-
like compound never reported so far, which we named ovatoxin-a. On the basis of molecular
formula, fragmentation pattern, and chromatographic behavior, the structure of ovatoxin-a
appeared to be strictly related to that of palytoxin. We report also on the analysis of cultured
O. ovata, which was necessary to unequivocally demonstrate that putative palytoxin and
ovatoxin-a contained in field samples were actually produced by O. ovata itself. (J Am Soc
Mass Spectrom 2008, 19, 111–120) © 2008 American Society for Mass SpectrometryThe first referenced evidence of the presence of thetropical microalga Ostreopsis spp. in the Mediter-ranean seawater is dated back to the late 1990s
[1]. Since then, these algae have been continuously
detected along most of the Mediterranean coastline [2].
They have only occasionally caused cases of human
sufferings, until, in summer 2005, a massive prolifera-
tion of O. ovata broke out with alarming proportion in
Liguria, nearby Genoa, Italy. This phenomenon caught
the attention of both national and international media,
which delivered breaking news on the event, as hun-
dreds of people required medical attention after expo-
sure to marine aerosol. The symptoms shown by all the
patients included fever associated with serious respira-
tory distress and, in some cases, conjunctivitis. The toxic
outbreak reached its climax in coincidence with the
highest concentration of O. ovata in seawater and dis-
appeared as the population of this microalga started
fading away.
We collected a concentrated plankton sample off
Genoa coasts during the toxic outbreak and analyzed it
for the most common phycotoxins found in the Medi-
terranean sea, such as okadaic acid, spirolides, azaspi-
racids, yessotoxins, paralytic shellfish poisoning toxins,
and domoic acid [3, 4]. We also investigated the occur-
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doi:10.1016/j.jasms.2007.11.001rence of brevetoxins which, although never reported in
the Mediterranean sea, are usually associated with
poisonings due to marine aerosols [5]. None of the
above toxins was detected in the plankton sample [4].
Some Ostreopsis species produce palytoxin (Figure 1)
[6–8], a complex polyhydroxylated compound and one
of the most potent marine biotoxins, or palytoxin ana-
logues such as ostreocin-D [9–11] and mascarenotoxins
[12]. Structure of ostreocin-D was assigned to 42-hy-
droxy-3,26-didemethyl-19,44-dideoxypalytoxin, based
on NMR data [9, 10], and verified by negative-ion
fast-atom bombardment collision-induced dissociation
tandem mass spectrometry [11]. The charge-remote
fragmentations were facilitated by a negative charge
introduced to the terminal amino group or to a hy-
droxyl group at the other terminus of the molecule by
reaction of pure ostreocin-D with 2-sulfobenzoic acid
cyclic anhydride. Mascarenotoxins [12] were purified
and identified as palytoxin-like compounds based on
comparison of their mass spectrum profiles and frag-
mentation patterns with those of a reference standard of
palytoxin. Other analogues of palytoxin, namely homo-,
bishomo-, neo-, and deoxy-palytoxin were isolated
from the soft coral Palythoa tuberculosa [13] but they
were not yet proven to be produced by Ostreopsis spp.
To investigate the presence of palytoxin in the plank-
ton sample collected during the Genoa 2005 outbreak,
we set up a new method based on liquid chromatogra-
phy tandem mass spectrometry (LC-MS) for sensitive
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112 CIMINIELLO ET AL. J Am Soc Mass Spectrom 2008, 19, 111–120and selective detection of palytoxin. Relying on the
newly developed method, we succeeded in disclosing
the involvement of a putative palytoxin in the Genoa
2005 outbreak and assessing its occurrence in the Med-
iterranean seawater for the very first time [4].
Following this event, in 2006 the presence of O. ovata
was monitored along the Ligurian coasts to prevent fur-
ther human sufferings. Indeed, a remarkable proliferation
of O. ovata was detected in the Mediterranean Sea from
July through August 2006. Bathing was forbidden in
several Italian coastal areas and, thus, the number of
people suffering from the toxic outbreak was significantly
limited in comparison with the 2005 event [2].
During the 2006 event, we collected field samples of
plankton along the Ligurian coasts, where O. ovata
bloomed more abundantly. The collected samples were
investigated for the presence of palytoxin by the newly
developed method and used to create in vitro cultures
of the dinoflagellate. In this study, we report on the
LC-MS analyses of the plankton samples collected in
the summer of 2006, which indicated the presence of
putative palytoxin together with a palytoxin-like mole-
cule never reported so far, which we named ovatoxin-a.
Furthermore, we report on the analyses of cultured O.
ovata, which was necessary to unequivocally demon-
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Experimental
Reagents
All organic solvents were of distilled-in-glass grade
(Carlo Erba, Milan, Italy). Water was distilled and
passed through a MilliQ water purification system
(Millipore Ltd., Bedford, MA). Glacial acetic acid (lab-
oratory grade) was purchased from Carlo Erba. Analyt-
ical standard of palytoxin was purchased from Wako
Chemicals GmbH (Neuss, Germany) and dissolved in
methanol/water (1:1, vol/vol). Matrix-matched stan-
dards of palytoxin were prepared as reported previ-
ously [4].
Collection and Identification of the Plankton
The harmful algal bloom occurred in late July through
August 2006 along the rocky coasts of Liguria, which
present pebbly seabed colonized by macroalgae. Seawa-
ter samples were collected by operators of the Agenzia
Regionale per la Protezione dell’Ambiente Ligure (AR-
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ses were characterized after treatment with Lugol
solution and sedimentation in Uthermöhl tubes [14].
Analysis on the whole sedimentation chamber with
inverted microscope showed that O. ovata [15] was the
major species present in the sample, together with a few
cells of diatoms (Coscinodiscus spp.) and other poten-
tially toxic dinoflagellates, namely Coolia monotis, Pro-
rocentrum lima, and Amphidinium sp. Since O. ovata is a
benthonic dinoflagellate, five samples of macroalgae
(Rhodophyta, Chlorophyta, and Phaeophyta) covered by a
plankton film, were collected and closed underwater in
sampling bags (PBI type) in the area of Genoa (samples
1 and 2) and La Spezia (samples 3 and 4). The macroal-
gal samples were separately transferred to hermetically
sealed vessels and the sampling bags were rinsed with
filtered (0.22 m mesh) seawater collected at the sam-
pling sites. The rinsing water was added to the vessels
shaking for 5 min and the cell suspension was filtered
through a plankton net (20 m mesh). The procedure
was repeated several times to obtain a plankton pellet
that was suspended again in filtered seawater. An
aliquot of each sample was treated with Lugol solution
and used for cell identification and counting by in-
verted microscope. The remaining aliquot for each
sample was centrifuged using a fixed-angle rotor (rmax
9.5 cm) at 5000 rpm for 20 min to separate pellet from
seawater, and shipped to the Dipartimento di Chimica
delle Sostanze Naturali, Università degli Studi di
Napoli Federico II, for chemical analyses.
Cultures of O. ovata
Cultures ofO. ovatawere obtained from sample 1 collected
at the site most affected by the phenomenon of algal
bloom on July 24, 2006. Single cells were isolated by
micromanipulation at the inverted microscope and trans-
ferred in sterile slabs equipped with traps (1.5 cm diame-
ter). They were grown in conditions close to the natural
ones, as reported in literature for Ostreopsidaceae cultures
(temperature 25 °C, luminous existence 2000 l, 16:8h
light-to-dark cycle) [16]. The standard K-Keller medium
was used, which supplies NaNO3 and NH4Cl as nitrogen
sources, and -glycerophosphate in place of NaH2PO4.
Table 1. Amounts of putative palytoxin and ovatoxin-aa contain
Ligurian coasts in the summer of 2006
Sample Collected on
Cell number
(x106)
1 July 24 41
2 July 24 24
3 August 22 22
4 August 23 14
aOn account of the structural similarities between palytoxin and ova
ovatoxin-a content was determined by direct comparison to a matrix-m
experimental conditions. Both SIM and MRM experiments were carrieGradually, cultures were transferred to larger flasks, up to500 mL. The algal pellets (16  106 cell) were collected
during late exponential growth phases, on 14th day, by a
disposable vacuum filtration system (Stericup; Millipore)
on 0.22 m cellulose filters. Both pellets and growth
medium were stored at 20 °C until shipment.
Extraction
Each field (or cultured) pellet sample was sonicated
with 8 mL of a methanol/water (1:1, vol/vol) solution
for 3 min in pulse mode, while cooling in ice bath. The
mixture was centrifuged at 5500 rpm for 30 min, the
supernatant was decanted, and the pellet was washed
twice with 8 mL of methanol/water (1:1, vol/vol). The
extracts were combined and the volume was adjusted to
30 mL with extracting solvent. The obtained mixture
was analyzed directly by LC-MS (5 L injected). Each
seawater (or growth medium) sample was extracted
twice with an equal volume of butanol. The butanol
layer was evaporated to dryness, dissolved in 5 mL of
methanol/water (1:1, vol/vol), and analyzed directly
by LC-MS (5 L injected).
Liquid Chromatography-Mass Spectrometry
LC-MS analyses were accomplished by using a 3 m
Gemini C18 (150  2.00 mm) column (Phenomenex,
Torrance, CA) maintained at room temperature and
eluted at 0.2 mL min1 with water (Eluent A) and 95%
acetonitrile/water (Eluent B), both containing 30 mM
acetic acid. The following gradient systems were used:
a fast gradient elution (20% to 100% B over 10 min and
hold 5 min), which allowed elution of palytoxin at 6.60
min, and a slow gradient elution (20% to 50% B over 20
min, 50% to 80% B over 10 min, 80% to 100% B in 1 min,
and hold 5 min), which allowed chromatographic sep-
aration between palytoxin (Rt  11.08 min) and ova-
toxin-a (Rt  11.48 min). Mass spectral experiments at
unit resolution (FWHM 0.7 0.1 Th) were carried out
on the following LC-MS systems: (1) an Agilent 1100 LC
binary system (Palo Alto, CA) coupled to a PE-SCIEX
API 2000 triple-quadrupole MS equipped with a Tur-
bospray source (Concorde, ON, Canada); (2) a Surveyor
MS plus LC quaternary system coupled to an LCQ
pellets and seawater extracts of O. ovata collected along the
Putative palytoxin Ovatoxin-a
(g) pg/cell (g) pg/cell
16.5 0.40 127.6 3.11
7.0 0.29 36.4 1.51
1.9 0.09 27.8 1.26
3.1 0.22 31.6 2.26
-a, we assumed that their molar responses were quite similar. The
d standard of palytoxin [4] at similar concentration injected in the same
(see Experimental section).ed in
toxinDECA XP ion trap MS equipped with an OPTON ESI
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Figure 2. (a) Total ion chromatogram (TIC) of sample 1; (b) related extracted ion chromatogram
(XIC) at m/z 327.1; (c) full scan MS spectrum associated with the peak eluting at 6.55 min; (d) full scan
MS spectrum of palytoxin standard. LC-MS analyses of sample 1 and palytoxin standard were
acquired on the triple quadrupole MS instrument in positive full scanMS mode (DP  50 V), by using
the following LC conditions: a 3 mGemini C18 (150 2.00 mm) column eluted at 0.2 mL min1 with
Awater and B 95% acetonitrile/water, both eluents containing 30 mM acetic acid. A fast gradient
elution (20% to 100% B over 10 min and hold 5 min) was used. Assignment of bi-charged and
tri-charged ion clusters was based on high-resolution MS data, since the low-resolution settings on the
mass spectrometer and annotation of the centroids of unresolved multiply charged ions could lead to
misleading compositions [4].
ions
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(HR) MS and product ion spectra were acquired by
using a Surveyor MS plus LC quaternary system cou-
pled to a linear ion trap LTQ Orbitrap XL hybrid
Fourier Transform MS (FTMS) equipped with an ESI
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116 CIMINIELLO ET AL. J Am Soc Mass Spectrom 2008, 19, 111–120potential (DP) of 8 V (50 V in the in-source fragmentation
experiments), a focusing potential (FP) of 350 V, and an
entrance potential (EP) of 11 V. Multiple reaction mon-
itoring (MRM) experiments were carried out by using a
collision energy of 50 eV, a cell exit potential (CXP) of 10
V, and monitoring the transitions m/z 1340.7 ¡ 327.1
(DP  8 V), 1331.7 ¡ 327.1 (DP  8 V), and 906.1 ¡
327.1 (DP  50 V) for palytoxin and the transitions m/z
1324.7 ¡ 327.1 (DP  8 V), 1315.7 ¡ 327.1 (DP  8 V),
896.1¡ 327.1 (DP  50 V) for ovatoxin-a. The dwell
time was set to achieve a total scan time of 1 s. The
transitions m/z 1340.7¡ 327.1 and 1324.7¡ 327.1 were
used for quantitation of putative palytoxin and ova-
toxin-a, respectively. Quantitative results were obtained
by direct comparison of peak areas to matrix-matched
standard solutions of palytoxin at similar concentration
injected in the same experimental conditions [4]. MRM
quantitative results obtained for ovatoxin-a were con-
firmed by selected ion monitoring (SIM) experiments.
The following ions were monitored for ovatoxin-a m/z
890.1, 896.1, 1297.7, 1306.7, 1315.7, 1324.7, 1335.7, 1343.7
whereas the following ions were monitored for paly-
toxin m/z 906.1, 901.1, 1313.7, 1322.7, 1331.7, 1340.7,
1351.7, 1359.7. The obtained peak areas for ovatoxin-a
were summed and compared with ions sum of standard
solutions of palytoxin injected in the same experimental
conditions.
Ion Trap MS Experiments
Full scan MS experiments in the range m/z 700–3000
were carried out in positive ion mode by using a spray
2
64
7.
4
86
8
2
64
8
.4
8
96
2
64
9
.4
9
54
26
50
.4
96
4
26
51
.4
9
73
m/z
2645 2646 2647 2648 2649 2650 2651 2652 2653
monoisotopic peak
C129 H224N3O52
(∆ = -3.918 ppm)
Figure 4. Mass scale expansion of them/z 2645–2653 region of the
HRMS spectrum of ovatoxin-a acquired on the linear ion trap
hybrid FTMS instrument in positive ion mode by using the same
LC conditions as in Figure 2.voltage of 7.5 kV, a capillary temperature of 200 °C, acapillary voltage of 39 V, a sheath gas and an auxiliary
gas flow of 50 and 10 (arbitrary units), respectively.
Linear Ion Trap Hybrid FTMS Experiments
HRMS experiments (positive ions) were acquired in the
range m/z 600–3000 at the 100,000 resolving power
setting by using the following source settings: a spray
voltage of 3.8 kV, a capillary temperature of 260 °C, a
capillary voltage of 49 V, a sheath gas and an auxiliary
gas flow of 50 and 10 (arbitrary units), respectively.
High-resolution product ion spectra were acquired at
the 60,000 resolving power setting by fragmenting the
[MH] ion of both palytoxin (m/z 2680.5) and ova-
toxin-a (m/z 2648.5) with a collision energy of 25%, an
activation Q of 0.250, and an activation time of 30 ms.
Calculation of elemental formula of ovatoxin-a and its
fragments contained in the product ion spectrum was
performed by using the mono-isotopic ion peak of each
ion cluster.
Results and Discussion
Four plankton samples were collected in summer 2006
along the Ligurian coasts in the area of Genoa (1 and 2)
and La Spezia (3 and 4). Analyses with inverted micro-
scope showed that O. ovata was the dominant species in
the collected samples [15], while just a few cells of
diatoms (Coscinodiscus spp.) and other potentially toxic
dinoflagellates, namely Coolia monotis, Prorocentrum
lima, and Amphidinium sp., were present in seawater.
The collected plankton samples were independently
centrifuged to separate pellets from seawater, which
were extracted as reported in the Experimental section.
The crude extracts were directly analyzed by the newly
developed method for detection of palytoxin [4] using
an ESI-triple quadrupole MS instrument operating in
the mass range 0–1800. Chromatographic separation
was accomplished on a reversed-phase column by
using a mobile phase containing water/acetonitrile, 30
mM acetic acid and a fast gradient elution, which
allowed the early elution of palytoxin standard at 6.60
min. Multiple reaction monitoring (MRM) experiments
were carried out by selecting the transition (precursor
ion ¡ product ion) reported for palytoxin in our
previous paper [4] (m/z 1340.7 ¡ 327.1) together with
two additional transitions at m/z 1331.7 ¡ 327.1 and
906.1¡ 327.1, for further confirmation. The product ion
at m/z 327.1 arises from the cleavage between the
carbons 8 and 9 of palytoxin [8] and the additional loss
of a water molecule; it can be assigned to the [M  H 
B moiety-H2O]
 ion (Figure 1). This ion dominates the
product ion spectrum of palytoxin, whatever the pre-
cursor ion used, either the [M2H]2 ion at m/z 1340.7,
the [M2HH2O]
2 ion at m/z 1331.7, or the
[M2HK]3 ion at m/z 906.1.
Results of MRM analyses of the plankton collected in
2006 paralleled those obtained on the 2005 plankton
samples. The presence of putative palytoxin was shown
117J Am Soc Mass Spectrom 2008, 19, 111–120 PUTATIVE PALYTOXIN AND OVATOXIN-A IN O. ovatain all the samples, 1–4, by peaks eluting at 6.55 min,
which closely matched those of a reference sample of
palytoxin in retention time, fragmentation, and ion
ratios. The amounts of putative palytoxin contained in
samples 1–4 are reported in Table 1. The toxin content
was determined by direct comparison with matrix-
matched standards of palytoxin at similar concentra-
tion. The use of matrix-matched standards is required
for accurate quantitation since palytoxin ionization suf-
fers from some matrix suppression effect, which is
analyte concentration-dependent [4].
Basing on MRM quantitative results, sample 1 ap-
peared to contain a relatively high amount of putative
palytoxin, which allowed a more detailed and compre-
hensive MS investigation. To look for additional paly-
toxin analogues in the sample, we carried out a full scan
MS experiment on the triple quadrupole MS in the
range 300–1400 u by favouring the in-source formation
of the fragment ion [MHB moiety-H2O]
 at m/z 327.1.
This ion is generated in the fragmentation experiments
of palytoxin itself as well as in those of some other
palytoxin-like compounds [12, 13]. Preliminary experi-
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the mono-isotopic ion peaks.ments showed that in-source formation of ion at m/z327.1 depends basically on front end potentials used,
mostly declustering potential (DP), whereas it is not
affected by variation in turbo ion spray temperature.
Thus a DP of 50 V and a spray temperature of 300 °C
were used.
The total ion chromatogram (TIC) of sample 1 (Fig-
ure 2a) appeared very complex, which was not surpris-
ing since the analyzed sample was a crude extract, not
subjected to any clean-up. Thus, we extracted the ion at
m/z 327.1 by obtaining an extracted ion chromatogram
(XIC) (Figure 2b) dominated by a peak at an elution
time (6.55 min) close to that of the palytoxin standard
(6.60 min). The associated mass spectrum (Figure 2c)
contained tri-charged and bi-charged ion clusters in the
range 850–930 and 1270–1370, respectively, together
with the base peak atm/z 327.1. An accurate comparison
between this MS spectrum and that of the palytoxin
standard (Figure 2d) indicated that, although both
spectra contained the ion peak at m/z 327.1, they pre-
sented similar tri-charged and bi-charged ion clusters,
which basically differed only for m/z absolute values.
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118 CIMINIELLO ET AL. J Am Soc Mass Spectrom 2008, 19, 111–120palytoxin-like molecule that didn’t correspond to paly-
toxin itself. We named it ovatoxin-a.
Additional information was obtained by full scanMS
experiments run on an ESI-ion trap-MS instrument
operating in the mass range 50–4000 u. Such experi-
ments were carried out on both sample 1 extract and
palytoxin standard. Under the used ionization condi-
tions, the MS spectrum of palytoxin (Figure 3a) was
dominated by the [M2H]2 ion peak at m/z 1340.7,
while only one water molecule was lost from the
[M2H]2, and the fragment ion at m/z 327.1 was
completely lacking. Tri-charged ions [M  2H  Na]3
and [M2HK]3 were present at m/z 901.1 and 906.1,
respectively. In the upper region of the MS spectrum,
the mono-charged [MH] ion of palytoxin was
present at m/z 2680.6 and an additional ion peak was
present atm/z 2318.6, followed by ion peaks attributable
to subsequent losses of three water molecules. The ion
at m/z 2318.6 was likely due to an in-source fragmenta-
tion of the [MH] ion of palytoxin by loss of 362 u.
The different degree of front end fragmentation of
palytoxin observed on turbospray triple quadrupole
MS and ESI ion trap MS could be likely due to different
geometry of ionization sources and ionization parame-
ters used.
The TIC of sample 1 showed a chromatographic peak
at a retention time close to that of palytoxin. The
associated MS spectrum (Figure 3b), interpreted in the
light of that of palytoxin (Figure 3a), presented a
mono-charged ion at m/z 2648.5, which was assigned to
11.48
11.08
Time, min
6 8 10 12 14
x 5
x 5
m/z 1315.7  327.1
m/z 1324.7         327.1
m/z 1331.7         327.1
m/z 1340.7   327.1
Figure 6. LC-MS analysis of sample 1 acquired on the triple
quadrupole MS instrument in positive MRM mode. The MRM
transitions m/z 1340.7 ¡ 327.1 and 1331.7 ¡ 327.1 were used to
detect palytoxin. The MRM transitions m/z 1324.7 ¡ 327.1 and
1315.1 ¡ 327.1 were selected for detection of ovatoxin-a. The
following LC conditions were used: a 3 m Gemini C18 (150 
2.00 mm) column eluted at 0.2 mL min1 with A  water and B 
95% acetonitrile/water, both eluents containing 30 mM acetic acid.
A slow gradient elution (20%to 50% B over 20 min, 50% to 80% B
over 10 min, 80% to 100% B in 1 min, and hold 5 min) was used.
Under the used LC conditions, putative palytoxin eluted at 11.08
min, while ovatoxin-a eluted at 11.48 min.the [MH] ion, a dominant bi-charged ion peak at m/z1324.6, [M2H]2, a [M2HH2O]
2 ion at m/z 1315.6,
and a tri-charged ion at m/z 896.1, [M2HK]3. Sim-
ilarly to palytoxin, the fragment ion at m/z 327.1 was
lacking in the spectrum but an additional ion peak was
present at m/z 2286.5, corresponding to a 362 u neutral
loss from the [MH] ion, together with ion peaks due
to subsequent losses of three water molecules. These
data, particularly the m/z values of tri-charged and
bi-charged ions, which corresponded to ion peaks ob-
served in MS spectrum obtained on the triple quadru-
pole MS system (Figure 2c), indicated that the com-
pound was actually ovatoxin-a.
The next step was to establish the exact mass of
ovatoxin-a and its fragments to assign the molecular
formula and to gain additional information on the
structure of ovatoxin-a. Thus, LC-MS and product ion
MS experiments were run for both palytoxin standard
and sample 1 on a linear ion trap hybrid FTMS instru-
ment in the mass range 600–3000 u at a resolving power
of 100,000. The mono-charged ion cluster in the HRMS
spectrum of ovatoxin-a presented a mono-isotopic ion
peak [MH] at m/z 2647.4868 (Figure 4), which al-
lowed to infer the molecular formula C129H223N3O52 (
 3.918 ppm) to the molecule. Further confirmation
for such elemental composition was provided by the
exact masses of bi-charged (mono-isotopic ion peak at
m/z 1335.2429 for C129H224N3NaO52,   0.174 ppm)
and tri-charged (mono-isotopic ion peak at m/z 890.4937
for C129H225N3NaO52,   4.657 ppm) ions. So, ova-
toxin-a presents two oxygen atoms less than palytoxin
(C129H223N3O54).
We also recorded an LC-HR product ion spectrum
on sample 1 by selecting the mono-charged ion of
ovatoxin-a as precursor ion. The obtained spectrum
(Figure 5) contained abundant peaks at m/z 2612.4678,
2594.4574, and 2576.4475, which corresponded to sub-
sequent losses of two, three, and four water molecules
from the [MH] ion, respectively. In addition, a
structurally interesting fragment ion was present at m/z
2286.2864 (mono-isotopic ion at m/z 2285.2825), which
was followed by three ion peaks attributable to subse-
quent losses of water molecules. The ion at m/z
2286.2864 was due to the loss of 362.2043 u from the
precursor ion, corresponding to a C16H30N2O7 ( 
2.765 ppm) neutral fragment.
In the same experimental conditions, we recorded an
LC-HR product ion spectrum of palytoxin standard by
using the mono-charged ion of palytoxin as precursor
ion. The obtained spectrum paralleled that of ova-
toxin-a in the presence of ions (m/z 2644.4552, 2626.4452,
and 2608.4343) due to loss of two, three, and four water
molecules, respectively, and an ion (m/z 2318.2749) due
to neutral loss of 362.2036 u (C16H30N2O7) accompanied
by three losses of water molecules. The neutral frag-
ment C16H30N2O7 originates from cleavage between car-
bons 8 and 9 and corresponds to A moiety of palytoxin
with an additional molecule of water (Figure 1).
Comparison of MS data of ovatoxin-a and palytoxin
suggests that the two molecules share the same part
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C16H30N2O7 part structure from the mono-charged ions
emerging from the experiments performed on ion trap
MS and linear ion trap hybrid FTMS instruments; (2)
fragment ion at m/z 327.1 contained in MS spectra of
both compounds run on the triple quadrupole MS
instrument. Thus, structural differences between ova-
toxin-a and palytoxin likely lie in the part structure B
(Figure 1).
To gain information about the relative abundance of
ovatoxin-a and putative palytoxin in the plankton sam-
ples, we set up an LC-MS experiment by using a slow
gradient elution, which allowed to chromatographically
separate the two compounds (see the Experimental
section). MS detection was accomplished in MRMmode
on the triple quadrupole MS instrument by monitoring
the transitions m/z 1340.7 ¡ 327.1, 1331.7 ¡ 327.1 for
putative palytoxin and m/z 1324.7 ¡ 327.1, 1315.7 ¡
327.1 for ovatoxin-a. The best results are shown in
Figure 6. Under the chromatographic conditions used,
putative palytoxin eluted at the same retention time as
that of the palytoxin standard, namely 11.08 min, while
ovatoxin-a eluted at 11.48 min. On account of the
evident structural similarities between the two com-
pounds, we assumed that their molar responses were
quite similar. However, since differences in adduct
formation could greatly affect relative intensities of
different adduct ions, MRM quantitative results ob-
tained for ovatoxin-a were corroborated by SIM exper-
iments. All significant ions contained in full scan MS
spectra of ovatoxin-a were monitored, the obtained
peak areas for ovatoxin-a were summed, and compared
with ion sum of corresponding ions monitored for
palytoxin. SIM results were in full agreement with
MRM data. The calculated amount of ovatoxin-a in
samples 1–4 are reported in Table 1.
Comparison between putative palytoxin and ova-
toxin-a contents suggested that this latter was by far the
predominant palytoxin-like compound in the 2006
plankton.
Cultures of O. ovata were obtained from shares of
microalgal pellets coming from the washing of macroal-
gae collected in correspondence of the site interested by
the phenomenon of algal bloom in July 2006. Cells were
cultured at 25 °C using a light-to-dark regimen of 16:8
h. They were collected on 14th day, during the late
exponential growth phase.
Pellet and growth medium were separated by
centrifugation and extracted separately. LC-MS anal-
yses were performed in MRM mode by using the
slow gradient elution mentioned above. A chromato-
graphic peak at 11.08 min in the ion traces at m/z
1340.7 ¡ 327.1 and 1331.7 ¡ 327.1 evidenced the
presence of putative palytoxin as well as a chromato-
graphic peak at 11.48 min in the ion traces at m/z
1324.7 ¡ 327.1 and 1315.7 ¡ 327.1 highlighted the
presence of ovatoxin-a. These data were conclusive in
indicating O. ovata as the producing organism of both
compounds detected in natural plankton. Quantita-tive analyses for pellet and growth medium extracts
of O. ovata cultures afforded a putative palytoxin and
an ovatoxin-a content of 0.55 pg/cell and 3.85 pg/
cell, respectively. Interestingly, the two compounds
appeared to be produced approximately in the same
ratio observed in natural plankton.
Conclusions
The present paper provides further insights into the
toxin profile of the Mediterranean O. ovata. The re-
ported results confirmed the presence of putative paly-
toxin in the Mediterranean Sea and evidenced the
occurrence of the novel ovatoxin-a. This latter com-
pound was believed to be the major toxin produced by
O. ovata during the 2006 outbreak. On the basis of
molecular formula (ovatoxin-a presents two oxygen
atoms less than palytoxin), fragmentation pattern, and
chromatographic behavior, the structure of ovatoxin-a
appeared to be strictly related to that of palytoxin.
However, even slight structural differences could sig-
nificantly affect and differentiate the toxicology of the
two compounds on the account of data reported on
bio-activity of palytoxin analogues [10, 17]. Thus, isola-
tion of ovatoxin-a is necessary both to elucidate its
chemical structure and evaluate its toxicology.
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